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1
LED LIGHTING CONTROL SYSTEM

This application is a National Stage Application of Inter-
national Application No. PCT/KR2012/008156, filed Oct. 9,
2012, the disclosures of which are incorporated by reference
herein in their entirety.

BACKGROUND

1. Field of the Invention

Embodiments relate to a light-emitting diode (LED) con-
trol system, and more particularly, to an LED lighting control
system capable of controlling not only a lighting module
supporting unidirectional communication, but also a lighting
module supporting bidirectional communication, notifying a
central control device of any fault or failure in the unidirec-
tional communication protocol-based lighting module, and
removing any delays in lighting control that may be caused by
limited communication lines.

2. Description of the Related Art

The Digital Addressable Lighting Interface (DALI) stan-
dard has been used for illumination control systems. The
DALI standard enables a digital communication lighting con-
trol system capable of meeting various user needs by allocat-
ing addresses to various combinations of lighting scenes.
Referring to FIG. 1, the DALI standard has evolved from the
Digital Multiplex (DMX)-512 standard for unidirectional
communication to the DMX-512A or Remote Device Man-
agement (RDM) standard for bidirectional communication.
Devices used in a lighting control system, such as a central
control device or a light-emitting diode (LED) driver may not
be compatible with one another if they use different commu-
nication protocols.

Lighting control systems can be applied to lightings for a
large-scale space, such as lightings on the exterior walls of a
building, streetlights, or lighting systems for concerts. The
replacement of unidirectional communication protocol-
based lighting modules with bidirectional communication
protocol-based lighting modules may be highly costly, and
thus, a lighting system capable of allowing existing lighting
modules to be gradually replaced with new lighting modules
is needed.

A lighting module, particularly, a light-emitting diode
(LED) lighting module, generally includes a considerable
number of LEDs, and may thus make it difficult to detect any
faulty LED therefrom. Accordingly, a device capable of auto-
matically detecting any faulty LEDs is needed.

In the meantime, most lighting modules use a serial or
daisy-chain communication method. For example, according
to the DMX-512 standard, signals are transmitted to a maxi-
mum of up to 512 channels. More specifically, a control signal
may be transmitted to only one of the 512 channels after the
transmission of the signals to all the 512 channels. That is, a
predetermined channel to which the control signal is to be
transmitted may receive the control signal only after the trans-
mission of the signals to the 511 channels, thereby making it
difficult to control a lighting system in real time.

SUMMARY

Embodiments provide a light-emitting diode (LED) light-
ing control system capable of allowing a central control
device to identify the existence of any faulty LED in a unidi-
rectional communication protocol-based lighting module.

Embodiments also provide an LED lighting control system
capable of easily measuring a voltage or a current for detect-
ing any faulty LED module.
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Embodiments also provide an LED lighting control system
capable of controlling a plurality of lighting modules without
any delays.

However, embodiments are not restricted to the one set
forth herein. The above and other embodiments will become
more apparent to one of ordinary skill in the art to which the
present invention concept pertains by referencing the detailed
description of the embodiments given below.

According to embodiments, an LED lighting control sys-
tem includes: a central control device configured to transmit
a lighting control signal, which includes a control data signal
for being used in controlling one or more LED modules and a
control instruction signal for controlling the LED modules in
accordance with the control data signal, to a plurality of
channels, the control instruction signal being based on one of
a unidirectional communication protocol and a bidirectional
communication protocol; a converter configured to be con-
nected to one of the channels and determine whether the
lighting control signal is based on the unidirectional commu-
nication protocol or the bidirectional communication proto-
col in response to the lighting control signal including chan-
nel information of the converter; and a driver configured to be
connected to the converter and control the operation of a
plurality of LED modules in accordance with a control data
signal transmitted by the converter, wherein the converter is
further configured to determine whether the driver is based on
the unidirectional communication protocol or the bidirec-
tional communication protocol and convert the communica-
tion protocol of the lighting control signal in response to the
communication protocol of the driver being different from the
communication protocol of the lighting control signal.

The LED lighting control system can allow lighting mod-
ules using different communication protocols to bilaterally
communicate with a central control device, and can notify the
central control device to identify the existence of any faulty
LED modules. Since there is no need to replace existing
unidirectional communication protocol-based lighting mod-
ules with bidirectional communication protocol-based light-
ing modules, the maintenance and installation cost for a light-
ing system can be reduced. In addition, faulty LED modules
can be automatically identified, thereby facilitating the main-
tenance of a lighting system. Moreover, since comparators
are used, instead of analog-to-digital converters (ADCs), the
structure of a lighting control system can be simplified, and
the manufacturing cost of a lighting control system can be
reduced. Furthermore, since lighting control data is transmit-
ted first and then lighting modules can be controlled in accor-
dance with the lighting control data, the lighting modules can
be controlled in real time.

Other features and aspects will be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart showing digital lighting control stan-
dards.

FIGS. 2 to 4 are block diagrams illustrating various light-
ing control systems to which a unidirectional communication
protocol and a bidirectional communication protocol are both
applied.

FIG. 5 is ablock diagram illustrating a light-emitting diode
(LED) lighting control system according to an embodiment.

FIG. 6 is a block diagram illustrating a client correspond-
ing to a channel of the LED lighting control system of FIG. 5.

FIGS. 7 and 8 are circuit diagrams illustrating an example
of a measurement unit of FIG. 6.
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FIG. 9 is a signal diagram illustrating control data and the
output of the measurement unit.

FIGS. 10 and 11 are circuit diagrams illustrating another
example of the measurement unit.

FIG. 12 is a diagram illustrating the packet format of a
lighting control signal packet according to an embodiment.

FIG. 13 is a diagram illustrating lighting control signal
packets according to an embodiment.

FIG. 14 is a diagram illustrating lighting control signal
packets according to another embodiment.

FIGS. 15 and 16 are illustrating a lighting control method
of a converter, according to an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The following detailed description is provided to assist the
reader in gaining a comprehensive understanding of the meth-
ods, apparatuses, and/or systems described herein. However,
various changes, modifications, and equivalents of the sys-
tems, apparatuses and/or methods described herein will be
apparent to one of ordinary skill in the art. Also, descriptions
of functions and constructions that are well known to one of
ordinary skill in the art may be omitted for increased clarity
and conciseness.

It will be understood that, although the terms “first”, “sec-
ond”, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a first element could be termed a second ele-
ment, and, similarly, a second element could be termed a first
element without departing from the teachings of the disclo-
sure.

The terms “module” and “unit” used to signify components
are used herein to aid in the understanding of the components
and thus they should not be considered as having specific
meanings or roles. Accordingly, the terms “module” and
“unit” may be used interchangeably.

Asused herein the expression “and/or” includes any and all
combinations of one or more of the associated listed items.

FIGS. 2 to 4 are block diagrams illustrating various
examples of a lighting control system to which a unidirec-
tional communication protocol and a bidirectional commu-
nication protocol are both applied.

Referring to FIG. 2, a lighting control system may include
a Digital Multiplex (DMX) central control device 10, which is
based on a unidirectional communication protocol, i.e., the
DMX protocol, two DMX lighting modules 30, which are
based on the DMX protocol, and a Remote Device Manage-
ment (RDM) lighting module 40, which is based on a bidi-
rectional communication protocol, i.e., the RDM protocol.

The DMX central control device 10 generally controls the
DMX lighting modules 30 and the RDM lighting module 40,
which are networked with one another. Each of the DMX
lighting modules 30 locally controls an LED module 34 via a
driver 32, and the RDM lighting module 40 locally controls
an LED module 44 via a driver 42.

The DMX central control device 10 can control the DMX
lighting modules 30, which are based on the unidirectional
communication protocol, but cannot properly control the
RDM lighting module 40, which is not based on the unidi-
rectional communication protocol, but based on the bidirec-
tional communication protocol.

Referring to FIG. 3, a lighting control system may include
a RDM central control device 20, which is based on the RDM
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protocol, a DMX lighting module 30, which is based on the
DMX protocol, and two RDM lighting modules 40, which are
based on the RDM protocol.

The RDM central control device 20 can control the RDM
lighting modules 40, which are based on the bidirectional
communication protocol, but cannot properly control the
DMX lighting module 30, which is not based on the bidirec-
tional communication protocol, but based on the unidirec-
tional communication protocol.

Referring to FIG. 4, a lighting control system includes a
DMX central control device 10, which is based on the DMX
protocol, an RDM central control device 20, which is based
on the RDM protocol, a DMX lighting module 30, which is
based on the DMX protocol, and two RDM lighting modules
40, which are based on the RDM protocol.

The DMX central control device 10 and the RDM central
control device 20 cannot transmit a lighting control signal at
the same time.

The DMX central control device 10 cannot properly con-
trol the RDM lighting modules 40, which are based on the
bidirectional communication protocol, and the RDM central
control device 20 cannot properly control the DMX lighting
module 30, which is based on the unidirectional communica-
tion protocol.

FIG. 5 is ablock diagram illustrating a light-emitting diode
(LED) lighting control system according to an embodiment.

Referring to FIG. 5, an LED lighting control system may
include a DMX central control device 10, an RDM central
control device 20, a DMX lighting module 30, two RDM
lighting modules 40, and a plurality of converters 100.

Two or more elements of the LED lighting control system
may be incorporated into a single element, or one of the
elements of the LED lighting control system may be divided
into two or more sub-elements.

The DMX central control device 10 and the RDM central
control device 20 transmit a lighting control signal to the
DMX lighting module 30 and the RDM lighting modules 40,
respectively, via a communication network. The communica-
tion network may be a wired network, a wireless network, or
a combination thereof. Power Line Communication (PLC)
may be used for the wired network, PL.C, Bluetooth, Radio
Frequency Identification (RFID), Infrared Data Association
(IrDA, Ultra Wideband (UWB), ZigBee and other various
wireless communication techniques may be used for the wire-
less network.

Only one of the DMX central control device 10 and the
RDM central control device 20 may be driven at one time. The
DMX central control device 10 and the RDM central control
device 20 may transmit DMX- and RDM-based lighting con-
trol signals, respectively, via the communication network.
The LED lighting control system is illustrated in FIG. 5 as
including both the DMX central control device 10 and the
RDM central control device 20, but the present inventive
concept is not limited to this. Thatis, the LED lighting control
system may include one or more central control devices that
are based on the same type of communication protocol.

Each of the lighting module 30 and the lighting modules 40
may have unique channel information. The DMX central
control device 10 may control the lighting module 30 and the
lighting modules 40 individually based on the channel infor-
mation of the lighting module 30 and the lighting modules 40.

The DMX lighting module 30 may include a DMX driver
32, which is based on the DMX protocol, and an LED module
34. The DMX driver 32 may control the luminous intensity of
the LED module 34 based on a DMX-based lighting control
signal. The DMX driver 32 may receive a lighting control
signal from the DMX central control device 10 or the RDM
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central control device 20, but may not be able to transmit
information to the DMX central control device 10 and the
RDM central control device 20.

Each of the RDM lighting modules 40 may include an
RDM driver 42, which is based on the RDM protocol, and an
LED module 44. The RDM driver 42 may control the lumi-
nous intensity of the LED module based on an RDM-based
lighting control signal.

Each of the converters 100 may interpret a lighting control
signal transmitted by the DMX central control device 10 or
the RDM central control device 20, may convert the lighting
control signal to a protocol suitable for a driver 30 or 40
connected thereto, and may transmit the converted lighting
control signal to the driver 30 or 40.

FIG. 6 is a block diagram illustrating a client correspond-
ing to a channel of the LED lighting control system of FIG. 5.

Referring to FIG. 6, a client may include a converter 100, a
measurement unit 120, a storage unit 130, a driver 160 and an
LED module 170. The measurement unit 120 or the storage
unit 130 may be incorporated into the converter 100.

The LED module 170 may include a plurality of LEDs
groups connected in parallel. Each of the LED groups may
include a single LED or one or more LEDs connected in
series. Hach of the LED groups may have identification infor-
mation. Each of the LED groups may include one or more
LEDs that emit light of the same color. An LED group includ-
ing a single LED and an LED group including two or more
LEDs connected in series may constitute separate channels.

The driver 160 may adopt one of the DMX protocol and the
RDM protocol, and may interpret a lighting control signal
that is based on either the DMX protocol or the RDM proto-
col. The driver 160 may control the supply of power to the
LED module 170 in accordance with the lighting control
signal. The driver 160 may control the LED groups indepen-
dently based on the identification information of the LED
groups. The driver 160 may apply a predetermined voltage to
the LED groups, and may control LED light emitted from the
LED module 170 with a current. To control the luminous
intensity of the LED module 170, Pulse Width Modulation
(PWM) may be used.

The storage unit 130 may store programs for processing
and controlling the converter 100, and may also store any
lighting control signal received by the converter 100.

The measurement unit 120 may compare a voltage or cur-
rent applied to the LED module 170 with a reference level,
and may output the results of the comparison as digital data.

The converter 100 may determine the type of communica-
tion protocol used by the driver 160. For example, the con-
verter 100 may transmit an acknowledgement request signal
to the driver 160, and may determine that the communication
protocol used by the driver 160 as being the RDM protocol in
response to receipt of an acknowledgement signal from the
driver 160.

The converter 100 may determine the communication pro-
tocol of a lighting control signal received via a communica-
tion network. In response to the communication protocol of
the received lighting control signal being different from the
communication protocol of the driver 160, the converter 100
may convert the received lighting control signal to the com-
munication protocol of the driver 160. The converter 100 may
provide the lighting control signal to the driver 160 according
to a predefined set of conditions.

FIGS. 7 and 8 are circuit diagrams illustrating an example
of the measurement unit 120, and FIG. 9 is a signal diagram
illustrating control data and the output of the measurement
unit 120.
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Referring to FIGS. 6 to 8, the measurement unit 120 may
include a circuit power measurement module 140 and a plu-
rality of first, second and third comparators 151, 152 and 153.

The circuit power measurement module 140 may measure
the total voltage or current applied to the LED module 170.
The driver 160 may control power to be supplied to the LED
module 170 through switching control, and a typical transis-
tor or a metal oxide semiconductor (MOS) transistor may be
used as a switch for such switching control. In response to the
circuit power measurement module 140 being connected to a
power terminal Ve, the circuit power measurement module
140 may generate an output that is proportional to the current
applied to the LED module 170. The output that is propor-
tional to the current applied to the LED module 170 may be a
voltage in consideration that there are many comparators
using a voltage.

A converted voltage provided by the converter 100 may be
input to the first, second and third comparators 151, 152 and
153. The first, second and third comparators 151, 152 and 153
may compare with the converted voltage with first, second
and third reference voltages Vrefl, Vref2 and Vref3, respec-
tively, and may output the results of the comparison as digital
values. The digital values may be transmitted to the converter
100. The first reference voltage Vrefl may be a voltage
obtained by connecting one of first, second and third LED
groups 171, 172 and 173 to a power source, the second ref-
erence voltage Vref2 may be a voltage obtained by connect-
ing two of the first, second and third LED groups 171,172 and
173 to the power source, and the third reference voltage Vref3
may be a voltage obtained by connecting all the first, second
and third LED groups 171, 172 and 173 to the power source.

The digital values output by the first, second and third
comparators 151, 152 and 153 may correspond to the first,
second and third LED groups 171, 172 and 173, respectively.
The converter 100 may identify the number of LED groups
that actually need to be driven based on control data for
controlling the luminous intensity of the LED module 170.
The control data may be included in a lighting control signal.
The converter 100 may compare the number of LED groups
that actually need to be driven with the number of LED groups
currently being driven based on the digital values output by
the first, second and third comparators 151, 152 and 153, and
may determine whether the LED module 170 is properly
being driven. In response to the number of LED groups that
actually need to be driven not matching the number of LED
groups currently being driven, the converter 100 may detect
the abnormality of that the LED module 170, and may detect
one or more LED groups that are supposed to be driven, but
not actually being driven, through comparison. For example,
the converter 100 may generate a list of LED group candi-
dates that appear to operate abnormally, and may eliminate
one or more LED groups that are actually being driven prop-
erly from the generated list.

The determination of the abnormality of the LED module
170 will hereinafter be described in further detail with refer-
ence to FIG. 9. FIG. 9(a) is a signal diagram of three control
data signals applied to R, G and B channels, respectively,
wherein each of the R, G and B channels may be an LED
group including one or more LEDs connected in series. FIG.
9(b) is a signal diagram of a combined control data signal
obtained by combining the three control data signals. FIG.
9(c) is a signal diagram illustrating a combined output signal
obtained by combining the data values output by the first,
second and third comparators 151, 152 and 153. The com-
parator 100 may compare the signal diagram of the combined
control signal diagram with the signal diagram of the com-
bined output signal, and may detect periods of time t1, t2 and
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t4 during which the LED module 170 appear to have operated
abnormally. More specifically, the converter 100 may com-
pare the level of the combined control data signal during each
of the time periods t1 and t2 with the level of the combined
output signal during each of the time periods t1 and t2, and
may thus detect any fault in the R or B channel. Similarly, the
converter 100 may compare the level of the combined control
data signal during the time period t3 with the level of the
combined output signal during the time period t3, and may
thus detect any fault in the B channel.

In response to the LED module 170 being detected to
operate abnormally, the converter 100 may transmit a fault
notification signal to the DMX central control device 10 or the
RDM central control device 20. The fault notification signal
may include faulty channel information and faulty LED
group identification information.

The converter 100 may perform fault diagnosis on the LED
module 170 either intermittently or in response to receipt of a
fault diagnosis instruction from the DMX central control
device 10 or the RDM central control device 20, thereby
preventing waste of resources.

The converter 100 may determine the abnormality of the
LED module 170 based on control data for controlling the
luminous intensity of the LED module 170, which is either
generated by the converter 100 or received from the central
control device 10 or the RDM central control device 20 for
“fault diagnosis” purposes. For example, the control data for
fault diagnosis may set the first, second and third LED groups
171, 172 and 173 to emit light at different times. In this
example, the converter 100 may properly perform fault diag-
nosis on the LED module 170 by using a single comparator,
rather than a plurality of comparators.

FIGS. 10 and 11 are circuit diagrams of another example of
the measurement unit 120.

Referring to FIGS. 6,10 and 11, the measurement unit 120
may include a plurality of first, second and third circuit power
measurement modules 141, 142 and 143 and a plurality of
fourth, fifth and sixth comparators 156, 157 and 158.

The first, second and third circuit power measurement
modules 141, 142 and 143 may generate voltages correspond-
ing to the currents applied to the first, second and third LED
groups 171, 172 and 173, respectively. The generated volt-
ages may be input to the fourth, fifth and sixth comparators
156, 157 and 158, respectively. The fourth, fifth and sixth
comparators 156, 157 and 158 may compare the generated
voltages with a reference voltage Vrefl, which is a voltage for
driving a single LED group, and may output the results of the
comparison as digital values. The converter 100 may deter-
mine the abnormality of the LED module 170 based on the
digital values output by the fourth, fifth and sixth comparators
156, 157 and 158. For example, the converter 100 may com-
pare the digital values output by the fourth, fifth and sixth
comparators 156, 157 and 158 with control data, which is
provided to the driver 160, and may detect one or more LED
groups yet to be matched. In response to the LED module 170
being determined to operate abnormally, the converter 100
may transmit a fault notification signal, including faulty LED
group identification information and faulty channel informa-
tion, to the DMX central control device 10 or the RMD central
control device 20.

The first, second and third circuit power measurement
modules 141, 142 and 143 and the fourth, fifth and sixth
comparators 156, 157 and 158 may all be incorporated into
the driver 160.

FIG. 12 is a diagram illustrating the packet format of a
lighting control signal according to an embodiment.
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Referring to FIG. 12, a lighting control signal may include
a header 200 and a data field 230.

The header 200 may include a beginning code indicating
the beginning of the lighting control signal, an end code
indicating the end of the lighting control signal, channel
number information and channel group number information,
and a code indicating whether the lighting control signal is a
control data signal or a control instruction signal.

A channel group is a group of channels and may have a
channel group number. The converter 100 may determine
whether the lighting control signal is destined for the con-
verter 100 by determining whether the same channel number
as the channel number of the converter 100 is included in the
header 200 or a channel group number including the channel
number of the converter 100 is included in the header 200.

Examples of the lighting control signal may include a
control data signal and a control instruction signal. The con-
trol data signal may include control data for adjusting the
color or the luminous intensity of the LED module 170, and
the control instruction signal may include an instruction code
for allowing the converter 100 or the driver 160 to execute a
predetermined instruction.

The data field 230 may include a control data code, includ-
ing the actual content of a control data signal, a time stamp or
a program number code relating to the control data code, an
instruction code of a control instruction signal, a program
number list code relating to the instruction code, and a
dummy code.

Inresponse to the header 200 including the beginning code
or end code, the data field 230 may include the dummy code.

The control data code may include the luminous intensity
of each LED module.

A time stamp is a time indicator. In response to a time
stamp being included in the lighting control signal, the con-
verter 100 may transmit a control data code corresponding to
the time stamp to the driver 160.

The instruction code may include a synchronization
instruction for allowing the driver 160 to control the LED
module 170 in accordance with most recently-received con-
trol data. For this, the converter 100 may transmit control data
most recently stored in the storage unit 130 to the driver 160.
The instruction code may also include a fault diagnosis
instruction for controlling the converter 100 to detect the
abnormality of the LED module 170.

The program number code may indicate identification
information of control data. The program number list code,
which is a set of program numbers, may include at least one
program number code.

FIG. 13 is a diagram illustrating lighting control signal
packets according to an embodiment.

The DMX central control device 10 or the RDM central
control device 20 may transmit a lighting control signal hav-
ing the packet format illustrated in FIG. 12 to each channel.

Referring to FIG. 13, a packet 241 may include a beginning
code indicating that control data is to be transmitted. The data
field of the packet 241 may include a dummy signal. Packets
242, 243 and 244 may include control data. Each of the
headers of the packets 242, 243 and 244 may include a chan-
nel number of a channel group number. A channel group is a
group of channels and may have a channel group number. A
packet 245 may include an end code indicating that no more
control data is to be transmitted. A packet 246 may include a
control instruction signal.

FIG. 14 is a diagram illustrating lighting control signal
packets according to another embodiment.
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The DMX central control device 10 or the RDM central
control device 20 may transmit a lighting control signal hav-
ing the packet format illustrated in FIG. 12 to each channel.

Referring to FIG. 13, each of a plurality of packets 251 to
255 may include a header indicating that a corresponding
packet is a control data packet and a data field including the
content of the control data packet. A packet 256 may include
a header indicating that the packet 256 is a control instruction
signal packet and a data field including the content of the
control instruction signal packet. Each of the headers of the
packets 251 to 256 may include channel information.

In the embodiment of FIG. 13, unlike in the embodiment of
FIG. 12, a beginning code or an end code is unnecessary, and
a control data signal and a control instruction signal can be
transmitted randomly.

FIGS. 15 and 16 are flowcharts illustrating a lighting con-
trol method of a converter, according to an embodiment.

Referring to FIGS. 15 and 16, the converter 100 may
receive a lighting control signal from the DMX central con-
trol device 10 or the RMD central control device 20, and may
interpret the received lighting control signal (S310).

The converter 100 may determine whether the received
control signal includes channel information of the converter
100 (S320).

In response to the received control signal not including the
channel information of the converter 100, the converter 100
may control the driver 160 to maintain a previous operating
state (S290). The converter 100 may continue to apply most-
recently stored control data to the driver 160 or may control
the driver 160 to continue to be switched on or off. S290 may
be useful when there is the need to maintain the operating
state of the LED module 170 or when there is no need to
transmit a lighting signal often (for example, when the LED
module 170 is used for an indoor lighting), and may be
convenient in terms of energy efficiency and communication
line (or bandwidth efficiency).

In response to the received control signal including the
channel information of the converter 100, the converter 100
may determine whether the received control signal is a con-
trol data signal (S330).

In response to the received lighting control signal being a
control data signal, the converter 100 may store the control
data signal (S335). The converter 100 may determine whether
the received lighting control signal is based on the DMX
protocol or the RDM protocol, and may also determine
whether the driver 160 is based on the DMX protocol or the
RDM protocol. In response to the communication protocol of
the received lighting control signal being different from the
communication protocol of the driver 160, the converter 100
may convert the received lighting control signal to the com-
munication protocol of the driver 160 (S335).

The converter 100 may determine whether the control data
signal includes a time stamp (S340).

In response to the control data signal not including a time
stamp, the converter 100 may stand by while maintaining the
operating state of the driver 160 (S400).

In response to the control data signal including a time
stamp, the converter 100 may transmit a control data code
corresponding to the time stamp to the driver 160 (S345), and
the lighting control method proceeds to S400.

Inresponse to the received lighting control signal not being
a control data signal, the converter 100 may determine
whether the received lighting control signal is a control
instruction signal (S350).
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In response to the received lighting control signal being a
control instruction signal, the converter 100 may determine
whether the control instruction signal includes a program
number list code (S355).

Inresponse to the control instruction signal not including a
program number list code, the converter 100 may transmit a
most recently-stored control data code to the driver 160
(S370), and the lighting control method proceeds to S400.

In response to the control instruction signal including a
program number list code, the converter 100 may transmit
control data relating to one or more program numbers
included in the program number list code to the driver 160 in
the order of the program numbers (S360), and the lighting
control method proceeds to S400.

In response to the received lighting control signal not being
a control instruction signal, the converter 100 may determine
whether the received lighting control signal includes a fault
diagnosis instruction (S375). In response to the received
lighting control signal not including a fault diagnosis instruc-
tion, the lighting control method proceeds to S400.

Inresponse to the received lighting control signal including
afault diagnosis instruction, the converter 100 may determine
whether the fault diagnosis instruction includes an instruction
to use control data for fault diagnosis (S380).

In response to the fault diagnosis instruction including an
instruction to use the control data for fault diagnosis, the
converter 100 may transmit the control data for fault diagno-
sis to the driver 160, and may thus allow the driver 160 to
perform fault diagnosis on the LED module 170 based on the
corresponding control data (S390). More specifically, the
converter 100 may detect any fault or failure in the LED
module 170 by using one or more signals received from the
measurement unit 120. In response to at least one of the LED
groups ofthe LED module 170 being detected as being faulty,
the converter 100 may notify the DMX central control device
10 orthe RMD central control device 20 of the abnormal LED
group(s) and may transmit identification information of the
abnormal LED group(s), and the lighting control method
ends.

In response to the fault diagnosis instruction not including
an instruction to use the control data for fault diagnosis, the
converter 100 may detect one or more faulty LED modules
(S385) by combining the signals received from the measure-
ment unit 120, and the lighting control method proceeds to
S400.

The processes, functions, methods, and/or software
described herein may be recorded, stored, or fixed in one or
more computer-readable storage media that includes program
instructions to be implemented by a computer to cause a
processor to execute or perform the program instructions. The
media may also include, alone or in combination with the
program instructions, data files, data structures, and the like.
The media and program instructions may be those specially
designed and constructed, or they may be of the kind well-
known and available to those having skill in the computer
software arts. Examples of computer-readable storage media
include magnetic media, such as hard disks, floppy disks, and
magnetic tape; optical media such as CD ROM disks and
DVDs; magneto-optical media, such as optical disks; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory, and
the like. Examples of program instructions include machine
code, such as produced by a compiler, and files containing
higher level code that may be executed by the computer using
an interpreter.



US 9,332,606 B2

11

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A light-emitting diode (LED) lighting control system,
comprising:

a central control device configured to transmit a lighting
control signal, which includes a control data signal for
being used in controlling one or more LED modules and
acontrol instruction signal for controlling the LED mod-
ules in accordance with the control data signal, to a
plurality of channels, the control instruction signal being
based on one of a unidirectional communication proto-
col and a bidirectional communication protocol;

a converter configured to be connected to one of the chan-
nels and determine whether the lighting control signal is
based on the unidirectional communication protocol or
the bidirectional communication protocol in response to
the lighting control signal including channel informa-
tion of the converter; and

a driver configured to be connected to the converter and
control the operation of a plurality of LED modules in
accordance with a control data signal transmitted by the
converter,

wherein the converter is further configured to determine
whether the driver is based on the unidirectional com-
munication protocol or the bidirectional communication
protocol and convert the communication protocol of the
lighting control signal in response to the communication
protocol of the driver being different from the commu-
nication protocol of the lighting control signal,

wherein the plurality of LED modules are controlled by a
current, the LED lighting control system further com-
prises a current-to-voltage converter configured to con-
vert a current applied to a first LED module, which is one
of the plurality of LED modules, into a voltage and a
plurality of comparators configured to compare the volt-
age with a plurality of reference voltages, which are set
in advance, and generate a plurality of digital values
based on the results of the comparison, wherein the
plurality of comparators are further configured to
include a first comparator generating a first digital value
by comparing the voltage with a first reference voltage,
which is a voltage for driving one of the plurality of LED
modules and a second comparator generating a second
digital value by comparing the voltage with a second
reference voltage, which is a voltage for driving two or
more of the plurality of LED modules, and the converter
is further configured to compare the plurality of digital
values with control data included in the control data
signal and detect any faulty LED modules from among
the plurality of LED modules.

2. The LED lighting control system of claim 1, wherein the
converter is further configured to in response to the lighting
control signal being a control data signal, store control data
included in the control data signal and to in response to the
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lighting control signal being a control instruction signal,
execute an instruction included in the control instruction sig-
nal.

3.The LED lighting control system of claim 2, wherein the
converter is further configured to in response to the control
data signal including a time stamp, transmit the control data
included in the control data signal to the driver based on time
information extracted from the time stamp.

4. The LED lighting control system of claim 2, wherein the
converter is further configured to in response to the control
instruction signal including a synchronization instruction,
transmit most recently-stored control data to the driver.

5.The LED lighting control system of claim 2, wherein the
control data signal includes data code information and the
converter is further configured to store the data code infor-
mation in connection with the control data and to in response
to the control instruction signal including a data code list,
sequentially transmit at least one control data corresponding
to one or more data code included in the data code list to the
driver.

6. The LED lighting control system of claim 2, wherein the
converter is further configured to in response to the control
instruction signal including a “maintain” instruction, control
the driver to maintain a recent operating state of the driver.

7. The LED lighting control system of claim 1, wherein the
converter is further configured to transmit control data to the
driver and control the driver to maintain a recent operating
state of the driver.

8. The LED lighting control system of claim 1, wherein the
converter is further configured to transmit an acknowledge-
ment request signal to the driver and determine that the driver
is based on the bidirectional communication protocol in
response to receipt of an acknowledgement signal from the
driver.

9. The LED lighting control system of claim 1, wherein the
plurality of LED modules are controlled by a current, the
LED lighting control system further comprises a current-to-
voltage converter configured to convert a current applied to a
first LED module, which is one of the plurality of LED
modules, into a voltage and a comparator configured to com-
pare the voltage with a reference voltage, which is set in
advance, and generate a digital value based on the results of
the comparison, and the converter is further configured to in
response to a control signal for turning on or off the first LED
module being different from the digital value, transmit iden-
tification information of the first LED module and fault infor-
mation to the central control device.

10. The LED lighting control system of claim 1, wherein
the bidirectional communication protocol is the Digital Mul-
tiplex (DMX)-512A protocol or the Remote Device Manage-
ment (RDM) protocol and the unidirectional communication
protocol is DMX-512 protocol.

11. The LED lighting control system of claim 3, wherein
the converter is further configured to transmit control data to
the driver and control the driver to maintain a recent operating
state of the driver.

12. The LED lighting control system of claim 4, wherein
the converter is further configured to transmit control data to
the driver and control the driver to maintain a recent operating
state of the driver.

13. The LED lighting control system of claim 5, wherein
the converter is further configured to transmit control data to
the driver and control the driver to maintain a recent operating
state of the driver.

14. The LED lighting control system of claim 1, wherein
the converter is further configured to transmit control data for
fault diagnosis to the driver, wherein the control data for fault
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diagnosis sets the plurality of LED modules to emit light at
different times and the driver performs the fault diagnosis on
the plurality of LED modules in response to the control data
for fault diagnosis.



